STRESS RELIEVING PROCEDURES FOR HELICAL
COMPRESSION SPRINGS

HENRY P. SWIESKOWSKI

B MAY 1974

FINAL REPORT

RESEARCH DIRECTORATE

|
{
. ©
QN
oD -
|
i
l H
i i
| | -]
=
! o
. <K
| %
' !
;
|
|
|
|
1
i
$
¥
i
;‘:;
/
1 e
;,’ -,
f s W [
fhimrane

Approved for public release, distribution unlimited.

GENERAL THOMAS J. RODMAN LABORATORY
- ROCK ISLAND ARSENAL
ROCK ISLAND, ILLINOIS 61201




e

' o ey
~ ~ .
B b e A
v
)

!
i
!
!

e, e e . - o
Vo e e e e .

.
B e
-

.| fenesuny L 4
an Folly SAma ) '

34 ol fecas O
I 0
B EEEE T

..............................

BISTRIZSTIC /AVMIUBILITY OpES
Bl RML e ar SPEGAT

DISPOSITION INSTRUCTIONS:

Destroy this report when

it is no longer needed. Do not
return .it to the originator, )

OISCLAIMER:

The findings of\this report are not to be construed as
an official Department of the Army position unless so
designated by other authorized documents

.

"

v

[ S




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
,/:]" ) REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

Jo.BRERPORT NUMBER 2. GOVT ACCESSION NO,| 3. RECIPIENT'S CATALOG NUMBER
164 R-TR-74-827 '

/*"""\ 4,._TITLE (and Subtltle)
{ é}/ STRESS RELIEVING PROCEDURES FOR HELIC L\ Final (Feb 72 - Dec 73)

8. TYPE OF REPORT & PERIOD COVERED

~
COMPRESS!ON SPQINGS

6. PERFORMING ORG. REPORT NUMBER

| 7 AUTHO:!:{ 8. CONTRACT OR G—RANT NUMBER{.)
47 ) Henry P./éwieskowski} jé%f f%':
pg ’ . f
9. RPERFORMINhG OgGANIZA;ION N%NE ANZKEDRRIESSLR 10. :Rg(A}R‘A=°ERL{§§’EN$“OJECT TASK
esearch Directorate
GEN Thomas J. Rodman Laborator V’// AMEMS.-4497, 06,6807
Rock Island Arsenal, Rock Is]and IL 61201 Nl
11, CONTROLLING OFFICE NAME AND ADDRESS |2.'£_EPQBI DATE
CMDR, Rock Island Arsenal ay 74
GEN Thomas J. Rodman Laboratory, SARRI-LR ‘#«..—tuua A OF PAGES
Rock Island, IL 61201 . 28

=

14, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS. (of thie report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thla Repott)

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, 1f diflerent from Report)

Ly A e, P Ml 73 5, |

o~

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Contlnue on reveras alde if necessary and ldentily by block number)

Stress Relieve
Manufacturing Methods
Cold Wound

Helical Springs
Endurance Tests

20. ABSTRACT (Contiaue ax revecse side if necewsary snd identify by block number)

Various stress relieving procedures for the manufacture of cold
wound helical compression springs were investigated to determine
the effect that the time interval between the coiling and stress
relieving operations has on spring life., Production springs with
indexes of 3 to 13 were fabricated from various materials. The
spr1ngs were stress relieved at varying times after the coiling
operation. The effect of the time interval between the coiling

=

g

DD , 33", 1473  EoiTion oF 1 NOV 65 1S OBSOLETE

UNGLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

G e

v
5

¢
7#




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

L.and stress relieving operations was determined by visual observa-
tion for crack initiation and by laboratory endurance tests.
Analysis of the test data showed that the time interval between
the two operations has no effect on the endurance properties of
the materials that were investigated.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




v v~ ——— ol il o

R T S VR

T S RN MR e STl B M LN WL

e W T

CONTENTS

DD Form 1473

Contents

Objectives

Introduction

Discussion
Material and Test Procedures
Test Results
Statistical Analysis

Conclusions

Recommendations

Appendix

Distribution

i1




OBJECTIVES

The objectives of this program were to determine optimum
stress relieving procedures for cold wound helical compression
springs and to determine if it is necessary that the stress
relieving operation be performed immediately after coiling.

INTRODUCTION

The purpose of the stress relieving operation of cold
wound helical springs is to remove the induced stresses that
are caused by the coiling operation and thereby increase the
elastic properties of the spring material. The stress reliev-
ing operation is accomplished by subjecting the springs to
a temperature of 400 - 900°F (depending on type of material)
for approximately 30 minutes., It has been recommended by some
investigatcers that the stress relieving operation should be
done as soon as possible after coiling to minimize the pos-
sibility of crack initiation. It was pointed out that the
elastic 1imit of most spring materials was 60 - 70% of the
tensile strength, This results in a comparatively narrow
{ range of stresses between the elastic limit and tne tensile
; strength of the material within which the spring must be
formed. Coiling stresses of necessity must exceed the
elastic 1imit,but cannot exceed the ultimate strength, It
was felt that under some conditions the coiling operation
may produce trapped residual stresses that could initiate
surface cracks if they were not removed promptly after coiling.
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DISCUSSION

Material and Test Procedures

The helical compression springs that were used in this
program were fabricated from the following spring tempered
materials and given the specified stress relieving treatments.
Wire diameter of .050 inch was used for all the material types.

MATERIAL STRESS RELIEVING TREATMENT
Music wire, QQ-4-470 Heat at 450°F + 10° for 30 minutes
Chrome vanadium, QQ-W-412, Comp, 1 Heat at 700°F + 25° for 30 minutes
Stainless steel, 0Q-W-423, Comp, FS302 Heat at 600°F + 15° for 30 minutes
Nickel chromium, QQ-H-390, Cond C Heat at 900°F + 25° for 60 minutes

Six basic spring designs with indexes of 3, 5, 7, 9, 11
and 13 were prepared for this program. The spring index is
defined as the ratio of the mean coil diameter to the wire
diameter. Detailed specifications for these designs are given
in the Appendix. Thirty springs of each design were fabricated
from each material; a grand total of 720 springs were produced,
Each group of 30 springs was divided into three sets of 10
springs each and the time to start the stress relieving opera-
tion varied as follows:

Set # 1 - Stress relieve immediately after coiling.

Set # 2 -~ Stress relieve one hour after coiling.

et # 3 - Stress reiieve 24 hours after coiling.

Prior to coiling, all material was examined thoroughly
for surface defects with the aid of a binocular microsope.
No cracks or surface defects were observed and the material
was accepted for coiling. The material vas re-examined after
coiling and was found free of surface defects. After stress
relieving, all springs were preset by compressing to solid
height three times,
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Test fixtures were designed and fabricated. The springs
were endurance tested on a Krouse spring tester at a rate of
1000 cycles/minute. A photograph of a test spring assembled
onto the fixture is included in the Appendix. Testing was
performed between the stress levels of 100,000 psi and 170,000
psi for all springs. Measurements were taken on free heignts
and spring loads periodically during the tests. Approximately
80% of the testing was completed when it was decided to termi-
nate the remaining scheduled endurance tests. The decision
was based on the fact that the generated test data showed no
apparent trend or consistent pattern from which to draw con-
clusions as to an optimum time to stress relieve springs. It
was expected, based on recommendations by otier investigators,
that the springs that were stress relieved immediately after
coiling would have longer life because of the fact that the
induced vo0iling stresses which may be det»izental to the
wire material were removed promptly; however, test data did
not substantiate this supposition.

Test Results

The springs were endurance tested until breakage or
500,000 cycles were completed, whichever occured first., All
of the music wire springs were tested and a qraphical repre-
sentation of the endurance life of each music wire spring is
shown on the graphs in the Appendix. The following Table
shows the number of broken springs in each sample group of
10 springs for the four materials.
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R
BROKEM SPRINGS
Stress Relieve Stress Relieve Stress Relieve
Spring 5 Min After 1 Hour After 24 Hours After
Material Index Coiling Coilina Coiling
3 8 6 3
5 6 5 5
Music 7 2 8 2
Wire 9 1 3 2
11 0 1 0
13 1 0 0
3 4 6 2
5 4 0 7
Chrome 7 1 7 7
Vanadium 9 4 6 4
1N 0 4 4
13 Not Tested Not Tested Not Tested
3 Not Tested 10 10
5 10 9 10
Stairiess 7 10 10 10
Steel 9 10 10 9
1 9 10 9
13 Not Tested Not Tested Not Tested
3 9 10 ]
5 10 10 10
Nicke] 7 10 10 10
Chromium 9 Not Tested Not Tested Not Tested
11 Not Tested Not Tested Not Tested
13 Not Tested Not Tested Not Tested




STATISTICAL ANALYSIS

A statistical analysis was performed in an attempt to
detect any siqgnificant differences in the wideiy dispersed
data. A test, called the unbiased test', was made to
statistically compare the sample means (X). The test is based
on the assumption that the data has a normal distribution

' with an unknown mean fatique life, u. If u, is the mean life
for one heat treatment and p, is the mean for another
’ treatment whose life is believed to be longer because of
the time at which it was heat treated, then the hypothesis
| that u, = p, or p, - u; = 0 is tested against the alternative
o My > By, OF W, = uy > O,

By computing the value of t, derived in the reference,
from the sample means and assuming u, - u; = 0 we can test
our hypothesis. Choose a number (a) from the "student's"
distribution tables with n, + n, - 2 degrees of freedom so
that:

-

p. (t>a) = a

where a = level of confidence we have in saying that the life
obtained with one delay before heat treatment is statistically
longer than the 1ife obtained by using a different time delay
before heat treatment. The statistical comparison takes into
account the sample size and variance,

ooyt e — o o oot e PV o 2 b,

If t is a larger value than a then we reject the hypothesis
uz = u; in favor of u,>p;, with o level of confidence that
-{2>?1 .

1. REF: H. D. Brunk, An Introduction to Mathematical Statis-
tics, Page 258,
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Example calculation:

From data on stainless steel spring with c =7

n = sample size
sz = LgM x2 - X2 X = sinp1e111fe in thousands
I S of cycles
= mean life
S = variance

$2 (5 min) = T% (73% + 1102 + 852 + 982 + 1882 + 982
+ 742 + 662 + B12 + 722) - 952 = 1053

S2 (1 hr)

2533

_(Yz-YL)-(uz-ux) vnx ny (ny + ny = 2)

“ T Vny S;2 + ny S2° ni + na
Ny = nz2 = 10 o — Yy = 0
(X, - X,) (10)(10)(10 + 10 =2) 3 (X, - X;)
t = 3
VTb- Sl2 + Sz2 10 + 10 \’512 + szz
¢ . 3021 - 95) _ 1y 303

\2533 + 1053

The "student's" distribution table is usel next.

n=10+10 -2 =18

F = ,90 is chosen

a = 1.330 is found in the table
t = 1.303
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In this case t is wot larger than a, therefore, we can not
reject the hypothesis pz2 = u,. \le have less than 90 percent
confidence in saying that X > X,. In other words we can

not say with 90 percent or greater confidence level that heat
treat after a 5 minute delay is better than a 1 hour delay.
When comparing the 24 hour delay to the 5 minute deiay the
confidence level would nave to be lowered to 65 percent be-
fore the test hypothesis could be rejected.

The results of analyzing the data (see the following
Tables) for stainless steel and nickel chromium do not support
the contention that immediate heat treatment is necessary. In
some cases the wait was detrimental and in other cases it was
beneficial. Inspection of the breakage data for the music
wire and chrome vanadium springs indicated that the timing
of stress relief had no effect on spring life over a cycle
life equivalent to 50 times the expected Army life usage.
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NICKEL CHROMIUM

!
‘ n=10
' c=7
; | Time between coiling
t , and stress relieving 5 Min 1 Hr 24 Hr
| 4 98 120 M
: j 124 130 124
P (Cycles to breakage 134 144 120
I in thousands) 117 137 121
! 123 S 152
M 135 124
J 96 140 130
SR 95 140 119
4 ! 90 143 151
é 127 106 108
i Totals 1115 1268 1260
i X 112 127 126
% 5?2 1m 395 198
i 5 S 11 20 14
|
@ ; Comparing Comparing
} ! 5 min with 1 hr 5 min with 24 hr
& f t 2.000 2.389
; o .95 .975
4 A
i ! ‘
. f T o T
/ : Time Between Coiling No. of Tests That Were:
and Stress Relieving Strongest Weakest
oo 5 Minutes 2 4
5 1 Hour 4 2
’ 24 Hours 1 1 i

Average life for all springs with 5 minute delay - 173,000 cycles.
Average life for all springs with 1 hour delay - 168,000 cycles.
Average life for all springs with 24 hour delay - 171,000 cycles.
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CONCLUSIONS

It is concluded from the analysis of the test data that
the time interval between the coiling and stress relieving
operations has no effect on the endurance properties of the
four spring materials that were investigated. Therefore,
it is not necessary for springs fabricated from these
materials to be stress relieved immediately after coiling.

The large amount of spring breakage that occurred in
this test program is attributed to the severe conditions of
the cycling tests, particularly the maximum working stress
level of 170,000 psi.

Analysis of the test results also indicates that there
is more breakage with springs of smaller index than with
springs of higher index, particularly for the music wire
springs. One reason for this is that the stress concentra-
tion at the inner diameter of the coiled wire is inversely
proportional to the spring index.

Another conclusion not directly related to the objec-
tive of the project is that music wire and chrome vanadium
are superior materials to stainless steel and nickel chromium
for spring applications where the operating stress levels
are between 100,000 and 170,000 psi. This conclusion is
based on the significantly larger amount of breakage for
the latter two materials and agrees witn most spring manuals
which recommend music wire and chrome vanadium for high
stress applications under repeated loading., Recommended
design stress levels for these two materials are much
higher than values given for stainless steel and nickel
chromium.

RECOMMENDATIONS

It is recommended that no further effort be made to
study the effect of the time interval between the coiling
and stress relieving operations on the endurance properties
of the four investigated spring materials,

12




APPENDIX
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STRESS RELIEVE PROGRAM
DESIGN # 1
3 SPRING INDEX - 3.0

WIRE SIZE (IN.)eeevaneecannsenssscssnesassesass o050

OUTSIDE DIAMETER (INu)eeuvessocecensnesnncesses 4200 + ,003
TOTAL CCILS.tunuunnrosnnnnocessssnsosasvenssnss 37

TYPE OF ENDSuvuusenvvocoenonosesasssasssassssss Closed Ground
FREE HEIGHT, APPROX. (IN.)ueveveevsonoccnnvonaes 2.73

MEAN ASSEMBLED HEIGHT (IN.)eeuverevsonseaecosnss 2,300

LOAD AT ASSEMBLED HEIGHT (Lb.)ueeveeeeueennenes 32,7

MINIMUM OPERATING HEIGHT (IN.)ueeeevecacssssees 2.000

LOAD AT MINIMUM OPERATING HEIGHT (Lb.)essseeses 55.5
LOAD'DEFLECTION RATE (Lbo/Ino)ooooooocooo,oo-oo 76
MAXIMUM SOLID HEIGHT (IN.)eceieeecovsvsccnsasess 1,900

PO S

SPRING HELIXOOOOQOQOOOOOCOll...l............... R.}'lO

A ey - v Sms e
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STRESS RELIEVE PROGRAM
DESIGN # 2
SPRING INDEX - 5.0

WIRE SIZE (IN.)eeesuosnesasosenessanssnvacsons
QUTSIDE DIAMETER (Inu)eeeevenuoenonessnnsssnns
TOTAL COTLStuuuvennnnsanoetsncsnnneanenssannans
TYPE OF ENDSuuuveononronnssonnasonernonsananes
FREE HEIGHT, APPROX., (IN.)eseeeenecocoonsnnnns
MEAN ASSEMBLED HEIGHT (IN.)eeeeeuveesesonnsanns
LOAD AT ASSEMBLED HEIGHT (Lbu)vesevssoveensens
MINIMUM OPERATING HEIGHT (INe)uveeessonnneness
LOAD AT MINIMUM OPERATING HEIGHT (Lb.)usueeres
LOAD-DEFLECTION RATE (Lbu/INe)eeeevceennnnnees
MAXIMUM SOLID HEIGHT (IN.)eeeseeeeonsnscosnasns
SPRING HELIX:ueouuvonnosssassnnnssaveosnsnannns

16

.050

.300 + ,005
30

Closed Ground
3.33

2.369

19,6

1.700

33.3

20.5

1.600

R.H.




WIRE SIZE (In.)..

STRESS RELIEVE PROGRAM

DESIGH

SPRINA INDEX

LI I B B I B B IR L2 B B R N R )

# 3
7.0

"

¢ 6000 st

OUTSIDE DIAMETER (In.).....................,...

TOTAL COILS..oc..Di.o:.oototn..O"n.clcoltot.'o

TYPE OF ENDS'O.!l‘.‘.‘l'..........

® 5 80 0% 200 s

FREE HEIGHT' APPROX. (In.).I.C.‘...‘......."..

MEAN ASSEMBLED HEIGHT (In.)ieveeveenocennes

LOAD AT ASSEMBLED HEIGHT (Lbo)cooo.oocooOD-oo'o

'1INIMUH OPERATING “EIGHT (In.). LI RN B IR A N S A )

LOAD AT MINIMUM OPERATING HEIGHT (Lb.)e.eeeenn,

LOAD"DEFLECTION RATE (Lb./ln.).................

MAXTMUM SOLID HEIGHT (In.).....

SPRING HELIX.,vi0veuen

® o8 080 00

17

5.0 06 02 0000 06 e

LI I Y B N I O B Y

T T e et e i oo £ o s SO ity b i o opons

.050

.400 + .005
27

Closed Around
4,39

2,721

14.0

1.550

23.8

8.4

1.450

R.U,




1 STRESS RELIEVE PROGRAM
DESIGN # 4
SPRING INDEX = 9,0

WIRE SIZE (Inu)evuuveonvennnscnnncnsnssssnssass 050
OUTSIDE DIAMETER (IN.)eevevnnsersncersessonssss 500 + ,005
TOTAL COILS.i.uvionveornoonsnsarsssassnssssnsss 20

TYPE OF ENDSuveevevsevssseassssssasssssasssaess GClosed Ground
FREE HEIGHT, APPROX. (IN.)iveeesnveersnsacnesss 4.59

MEAN ASSEMBLED HEIGHT (IN.)iueesesveesoesasases 2,595

LOAD AT ASSEMBLED HEIGHT (Lbu)uuuevessnvoaeesss 10,9
MINIMUM OPERATING HEIGHT (INn.)eevecvssnsonansss 1,200

LOAD AT MINIMUM OPERATING HEIGHT (Lbuvevevesss. 18,5
LOAD-DEFLECTION RATE (Lb./IN.)eevevseensesennss 5.5

MAXIMUM SOLID HEISHT (IN.)uvesnvnessnncnnnseses 1,100

f SPRING HELIX.euveeovovoonoeoonnossnsnnsanasnsss RoH,

18
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STRESS RELIEVE PROGRAM

DESIGN # §
SPRING INDEX = 11.0

WIRE SIZE (In.)eeveeeninnnneienesnnnnncanneeess 050

OUTSIDE DIAMETER (IN.)uiuveiiiiveeneeesnaonaeaass o600 + 005
TOTAL COILS.ivuvevennnnnsosonnnnssnaaseacsenaes 16

TYPE OF ENDS.iiuiieeecsssnestessnsssssssssssass Closed iround
FREE HEIGHT, APPROX. (IN.)iivivvvneeosnveesnnss 4,93

MEAN ASSEMBLED HEIGHT (In.)iveeeveseeesnsneiens 2,620

. LOAD AT ASSEMBLED HEIGHT (Lb.)eeeveseeveseceees 8.9
AIHIMUM OPERATING HEIGHT (IN.)eeeeerevsseeeeaes 1,000
LOAD AT MINIMUM OPERATING HEIGHT (Lb.)eu..eee.. 15.2
| LOAD-DEFLECTION RATE (Lb./IN.)veueeeneennneenss 3.9
p MAXIMUM SOLID HEIGHT (In.)evuvseeneeernseonnass 2900
SPRING HELIXeuuunsvueseounnesnnneoneosonnaneess R,

PRt
-
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STRESS RELIEVE PROGRAM
DESIGN # 6

SPRING INDEX = 13,0

WIRE SIZE (IN.)ieueesoennensosscesnaasnssssasas 4050
OUTSIDE DIAMETER (INu)usesueevasrerocnsannsanes 700 + ,005
TOTAL COILS . iuvecerosnesensnsrsnsssennsenssanes 14

TYPE OF ENDS.vvueveevenscosassssssssssssssssssse Closed Ground
FREE HEIGHT, APPROX. (IN.)iuevieneacnsnrnnnsaass 5,22

MEAN ASSEMBLED HEIGHT (In.)eveeveseoncnecnnsees 2.677

LOAD AT ASSEMBLED HEIGHT (Lbe)uvevsevrecensseas 7.5

MINIMUM OPERATING HEIGHT (IN.)euievievssseossess 900

LOAD AT MINIMUM OPERATING HEIGHT (Lb.)eeesseees 12.8
LOAD-DEFLECTION RATE (Lb./INnu)eeeseveccenseasss 3.0

MAXIMUM SOLID HEIGHT (In.).ueeecssneernsseseses 4800

SPRING HELIX . uuueoeansnosonsssenssosssncsessses RJH,

20
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